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THERE have been numerous studies of the rhythms of activity in both free-living and captive marsupials (Day et al. 1972; Gordon 1974; Lyne 1981; Johnson and Johnson 1983) . Field based activity rhythm studies can potentially provide the most accurate picture of an animal's natural behaviour and temporal activities, although they have a number of inherent drawbacks. Continual, close observation of a freeranging animal can influence its natural behaviour, while less intrusive observation can overlook important behavioural aspects (Heinsohn 1966) . These problems are exacerbated in studies of bandicoots in that they are small, largely nocturnal and often prefer concealing habitats such as heath or shrub-land (Heinsohn 1966; Lobert 1990 ). As such, many researchers of similar species have resorted to studying activity rhythms in captive, rather than free ranging, animals. Most published studies of activity patterns for captive marsupials, however, stray considerably from natural conditions. Rather, they often involved either manipulations of lighting to investigate circadian rhythm stability (Packer 1966; Lyne 1981; Armstrong et al. 1990) or potentially biased recordings of activity influenced by the presence of observers or other disturbances (Garling 1982; Johnson and Johnson 1983) . In some studies, test animals were restricted to running on exercise wheels, held in highly unnatural test surroundings or in confined enclosures (Day 1972; Packer 1972; Lyne 1981) . Each of these approaches was selected based on the specific aims of the study in question, and as such provided much useful data. However there is a paucity of information on activity rhythms in any species of bandicoot in which the experimental animals are held in captivity in as natural surroundings as possible and continuously monitored yet left undisturbed. This study is a first step towards understanding the temporal activity patterns of a small population of southern brown bandicoots Isoodon obesulus held in captivity at the University of Western Australia.
MATERIALS AND METHODS
During March 2002, activity patterns were recorded for four adult male I. obesulus held at the University of Western Australia using an infra-red camera and time-lapse video recording. The I. obesulus were originally wild caught at the Harry Waring Marsupial Reserve, approximately 20 km south of Perth, Western Australia. The species is solitary, nocturnal and omnivorous, feeding mainly on invertebrates, subterranean fungi and some plant material (Braithwaite 1995) . I. obesulus were maintained in captivity for 18 months prior to experimentation, and were all in healthy condition. The I. obesulus were housed individually in sheltered outdoor enclosures with a floor area of 6.25 m 2 and provided with food and water ad libitum. Food, which was provided daily between 1400 and 1600 hrs, consisted of dry and canned dog food, fruit and vegetables such as banana and cucumber, and bread. In addition to the food and water bowls, each bandicoot was provided with a cardboard box for shelter, plus various branches, grasses and logs so that the enclosures more closely resembled the bandicoots' natural habitat when compared to a completely artificial environment.
A Sanyo VC9212 B/W CCD infra-red videocamera was attached to the ceiling of each enclosure in sequence so that the entire floor-area was visible at all times. The camera was connected to a Panasonic SVHS AG-5700B time-lapse video recorder set to a rate of 48 frames per min. This meant that a 5 hr video cassette could hold approximately 96 hr of continuous video footage, and yet the frame rate was sufficient to identify different activities of short duration. Each bandicoot was video-recorded for the entire length of a video tape, so that at the conclusion of the experiment, there were almost 400 hr of activity recorded for the four animals. The video recordings were watched on a standard television and the five different parameters observed were recorded directly into Microsoft Excel, which was also used to perform statistical analyses. The activities recorded were: 1. nesting: periods when the bandicoots were in their nest boxes, 2. feeding: eating from the food bowl, 3. drinking: drinking from the water bowl, 4. running: running around in a random manner, 5. grooming: scratching with a hindlimb, licking of the fur or wiping of a forelimb over the face. The time at which each activity occurred in addition to the duration of activity was recorded. No other activities were observed, including the 'standing still' or 'wall running' behaviours which have been previously recorded for captive bandicoots (Garling 1982) . The I. obesulus were not observed to remain stationary unless they were doing one of the other activities listed above. Unless otherwise stated, data presented are mean ± standard error with N = 4.
RESULTS
All I. obesulus were almost entirely nocturnal and remained in their nest boxes throughout the day. They spent an average of 17 hr 03 ± 57 min in the nest box per 24 hr period and only exited their nest boxes after being fed and after sunset. The I. obesulus showed remarkably similar times of onset of activity each day. The initial onset of activity was virtually always within the 10 min following filling of the food bowls. The I. obesulus would exit their nest boxes shortly after being fed and eat for 8 min ± 43 s before returning to their nest boxes. This pattern was the same regardless of the time of feeding, or the individual I. obesulus involved (Fig. 1) . The second onset of activity (1841 hrs ± 7 min) was directly related to sunset, which occurred between 1818 and 1837 hrs during experimentation. Similarly, the I. obesulus would exit their nest boxes, feed for 3 min 37 ± 26 s before beginning the night's activities. This activity typically involved random running with short periods of grooming, feeding or drinking. The I. obesulus also often returned to their nest boxes on 2 or 3 occasions for lengthy periods (average 58 min 42 s ± 10 min 47 s) throughout the night. The I. obesulus spent an average of 6 hr 29 ± 57 min running each night, in 12 -30 bouts ranging from less than a minute to over an hour in duration. The average time spent running per bout was similar between individuals and averaged 18 min 1 ± 67 s. The greatest total amount of time any I. obesulus spent active in one night (which includes all behaviours) was 11 hr 31 min, with the shortest time being 3 hr 59 min (average = 7 hr 6 ± 60 min) The I. obesulus visited their food bowl and ate an average of 9.3 ± 2.6 times per night and spent an average of 26 min 7 ± 242 s feeding per night. They spent 8 min 49 ± 130 s grooming themselves on 5.4 ± 0.6 occasions and 1 min 56 ± 25 s drinking on 10.6 ± 2.2 short visits to the water bowl. These data are summarised in Table 1 There was a greater degree of variation between individuals with regard to the time of cessation of activity as opposed to the time of onset of activity (excluding the artificial onset of activity created by feeding), although this variation was fairly constant within individuals. Time of cessation ranged from 0039 hrs ± 20 min, 0233 hrs ± 25 min, 0443 hrs ± 25 min to 0504 hrs ± 25 min. This had no relation to either the time of sunrise (0620 hrs) nor the time of onset of activity in any of the I. obesulus.
DISCUSSION
The results of this investigation generally agree with previous observations of I. obesulus and other perameloids made in the field and in captivity. Stodart (1977) found that wild I. obesulus usually emerged after sunset, although they were occasionally seen during the day. Heinsohn (1966) , MacKenzie (1967) and Watts (1974) found that I. obesulus were almost entirely nocturnal. This agrees with personal observations made by the author of wild bandicoots at Harry Waring Marsupial Reserve which indicate that I. obesulus is occasionally seen before sunset, but often emerges at dusk. Similarly, captive long-nosed bandicoots (Perameles nasuta), bilbies (Macrotis lagotis) and eastern-barred bandicoots (P. gunnii) are nocturnal and emerge at or shortly after dusk (Stodart 1966; Johnson and Johnson 1983; Armstrong et al. 1990; Murphy 1993) . This study showed that I. obesulus displayed limited activity during the day when food was artificially made available, and that it always became active shortly after sunset. Activity during the day only occurred after feeding so it is likely that this behaviour is in direct response to food being made available. The crepuscular/nocturnal nature of I. obesulus, along with almost all other Australian marsupials, is well established in the literature (e.g., Russell et al. 1989; Herbert and Lewis 1999) . Therefore, the majority of research shows that both wild and captive I. obesulus are crepuscular/ nocturnal, however two studies of activity patterns in I. obesulus do indicate that they can be mainly diurnal (Lobert 1990; Reese 2001) . Likely reasons for the contradictory findings of Lobert (1990) and Reese (2001) were not presented in either article, although Lobert (1990) suggests that the dense heathland where he conducted his studies may provide I. obesulus greater protection from diurnal predators, such as raptors, thus allowing them to be diurnal.
The amount of time that captive I. obesulus spent engaged in various activities partially agrees with similar work conducted by Garling (1982) on I. obesulus and Murphy (1993) on P. gunnii. Garling (1982) found that, under reversed day/night conditions in a zoo nocturnal house (10.5 m 2 floor area set out to resemble a suburban backyard), captive I. obesulus spent 36% of their time in the nest, 28% stationary, 16% moving, 9% digging, 4% grooming, 3% standing upright, 3% feeding and 1% wall running. Murphy (1993) states that for captive P. gunnii "adults were observed running and eating most frequently. Grooming, drinking and social behaviour occurred relatively infrequently." Furthermore, P. gunnii ran "almost constantly" and bouts of feeding usually lasted longer than bouts of grooming (Murphy 1993). In the study by Garling (1982) , an observer sat and watched the bandicoots so it is possible to assume that at least part of the 28% stationary and 3% standing upright may be due to the bandicoots observing the observers. Garling (1982) states that standing stationary and sniffing the air were often associated with 'wall-running', a behaviour he links to the bandicoots detecting keepers in an adjacent passage. Another portion of the stationary score may also actually be drinking as the water bowl in the study by Garling (1982) was out of sight of the observers and thus possible drinking was always scored as stationary. As such, the high proportion of time I. obesulus was scored to be stationary by Garling (1982) is likely to be an exaggeration, artificially increased by the particular experimental design. In my study, bandicoots were not seen to remain stationary at any time unless they were feeding, drinking or grooming themselves and there was no 'wall running' behaviour (Garling 1982) .
If the results from this study are adjusted to remove daylight conditions so that they are directly comparable to the results of Garling (1982), we find that during the nocturnal phase, the southern brown bandicoot spent 52.5% of its time running, 44% in the nest, 2.3% feeding, 1.0% grooming and 0.2% drinking. These data are summarised in Fig. 2 which omits a number of the categories from Garling (1982) that were not used in this study. It also excludes the time spent drinking as it was negligible in this study and omitted from Garling (1982) .
The high frequency of running observed in this study supports findings by Murphy (1993) which showed that captive P. gunnii ran almost constantly for up to 11 hr 36 min per night. Heinsohn (1966) found that I. obesulus kept in a large enclosure with an excess of food "…spent most of their time at night running about the enclosure…". Murphy (1993) speculates that this frequent running may be an attempt for the captive animals to cover the large distances that their wild conspecifics cover, or that it is perhaps a stress response to being kept in captivity. The latter explanation is unlikely in this study, as the I. obesulus ranged from nearly tame to effectively wild, and yet they all showed similar degrees of running behaviour.
The I. obesulus were rarely seen to groom themselves, even though some authors cite them as carrying a large ectoparasitic load (Heinsohn 1966; Stodart 1977) . This lack of extensive grooming has been previously observed for both wild and captive I. obesulus (Heinsohn 1966) and wild and captive P. gunnii (Stodart 1977; Murphy 1993) . Similarly, captive M. lagotis were observed to groom for < 0.5% of their activity period (Johnson and Johnson 1983) , which is similar to the 0.98% observed in this study for I. obesulus. Heinsohn (1966) speculates that the most extensive bouts of grooming may occur when the animal is nesting and that grooming is probably a response to irritation caused by ectoparasites. In the current study I propose that the I. obesulus rarely groomed as they did not have the ectoparasitic load characteristic of their wild conspecifics. This was because they were frequently checked for ectoparasites during their 18 months in captivity, and none had been detected for approximately 12 months before experimentation began.
All of the bandicoots were observed to return to their nestboxes 2 -3 times per night, usually in the early hours of the morning (i.e., after the initial bout of activity). The time spent in the nestbox may have been either nest building activity or resting (Gordon 1974) . As the nest boxes were constructed out of lightweight cardboard, and any movement of the bandicoots within resulted in an apparent movement of the box, it was possible to see that the bandicoots were not moving to any great degree when within their nestboxes. Therefore, it is possible to assume that the bandicoots were resting after a number of hours of vigorous activity before commencing activity again. Also, as the animals had been held in the same enclosures for approximately 18 months before experimentation began, they had previously constructed suitable nests within the nest boxes and therefore did not need to spend much time maintaining them.
The extreme variation in the time of cessation of activity seems to be a feature common to a number of species of bandicoot, both in the wild and in captivity. Gordon (1974) found that the time of cessation of activity for wild northern brown bandicoots (Isoodon macrourus) was "extremely variable, although usually occurring at least two to three hours before daylight". The average time of cessation of activity in this investigation (0315 hrs ± 61 min) was almost exactly three hours before sunrise (0620 hrs). Gordon (1974) also observed that a number of I. macrourus ceased activity shortly after midnight, very similar to one of the experimental animals in this study which ceased activity at 0039 hrs ± 20 min. Lyne (1981) noted that captive P. nasuta and I. macrourus displayed more regular times of onset of activity than times of cessation of activity. Reasons for this variation in the time of cessation of activity are unclear. It may be that animals in the wild cease activity when they have completed their nights activities (i.e., obtained enough food, found a mate, constructed a nest etc); however the captive I. obesulus in this study did not need to forage for food or avoid predators and could not find mates, yet were often active for a number of hours after their final feeding and after they had completed nest building. This suggests that the running behaviour is not entirely related to a search for food or other activity motivators. As both wild and captive bandicoots show similar times of onset of activity and degree of variation in the time of cessation of activity (and therefore a similar amount of overall activity) (Gordon 1974; Lyne 1981 ), yet captive bandicoots had the motivations for activities removed, it seems likely that the activity patterns of captive I. obesulus are largely intrinsic. Their natural circadian rhythm, although flexible as indicated by their emergence after feeding, appears to be the dominant influence on their activity patterns, even when normal motivations are removed.
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